Analytical and experimental evidence will be presented to show that addition of a slight excess of 2-chlorophenyl-0,0-bis[l-benzotriazolyl]phosphate to a properly 2',5'-protected ribonucleoside gives an intermediate 3'-phosphotriester, which, after addition of a 2'-protected ribonucleoside, affords a dimer containing solely a 3'-5'-internucleotide linkage. The above phosphorylation procedure has been used in the synthesis of the pentamer UpApCpGpC.
-°"-cr a high degree of regioselectivity on its 5'-hydroxy function. However, the above procedure is, despite the fact that several RNA fragments 2-5 have been prepared by this approach , not fully satisfactory. For instance, the use of a condensing agent {e.g. 3) in the coupling process has two main ft ft ' Ndisadvantages: sulfonylation of the 5'-0H group of the incoming nucleoside 9-11 and modification of the bases guanine and uracil. The sulfonylated byproduct can easily be removed according to Hata et al. by using the condensing agent 4,6-dimethoxybenzene-l ,3-disulfonyl chloride in the presence of tetra-12 zole . On the other hand, the occurrence of side reactions on the before mentioned bases has been suppressed by the introduction of appropriate protec-
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tive groups at the six or four position of guanine or uracil, respectively. Furthermore, the elongation of RNA fragments requires a time consuming phosphorylation procedure which is necessary for the introduction of a 3'-phosphodiester function at the 3'-end of a growing RNA chain. In order to be successful it is obligatory that the product of every phosphorylation step {e.g. 1^, R =1 fully-protected oligo RNA chain; R 2 ?*R and R =H) can be isolated in a pure form by a simple extraction procedure. Recently, Reese et al. circumvented this problem by introducing a phosphotriester function at the 3'-end of a growing nucleic acid chain which carried the temporary 2,4-din1trobenzyl protective group 20 {e.g. R*=a fully protected RNA chain; R 
=2-ClCgH 4 ).
We now wish to demonstrate that the bifunctional phosphorylating agent 2-chlo-? l ropnenyl-0,0-bis[l-benzotriazolyliphosphate (6,) can be applied, without the isolation of 3'-phosphodiester intermediates or the occurrence of side reactions, for the selective introduction of a 3'-5'-phosphotriester linkage between a 2',5'-protected ribonucleoside {i.e. _7 in Scheme II) and a 3',5'-dihydroxyl ribonucleoside {i.e. 10 in Scheme II) and, further, for the synthesis of the pentamer UpApCpGpC.
RESULTS AND DISCUSSION
Selective introduction of 3'-5'-phosphotriester linkages.
We now present conclusive evidence that coupling of the ribonucleoside 1 (see Scheme II) with the dihydric alcohol 10 using the bifunctional phosphorylating agent 6 affords RNA dimers containing solely 3'-5'-phosphotriester linkages. duct was concentrated and the remaining residue was, after work-up, treated with acetic acid anhydride in pyridine. After work-up, all the material having a positive UV-absorption and mobility greater than zero was collected after passing it rapidly over a small bed of silicagel. The crude product thus ob- group]. Crude dimer thus obtained was purified over a column of DEAE-Sephadex A25. The elution process was monitored by HPLC-analysis and all fractions containing charged uridine components were pooled and concentrated to a small volume. The thus obtained crude product was converted into the sodium-salt followed by lyophilization. Analysis of the lyophilized product by reversed phase 24 hPLC showed the presence of one product, the retention time of which was R =H; R =2-ClC 6 H.) to afford the symmetrical pyrophosphate derivative _9 (R = 2-ClCgH-). This assumption is endorsed by the fact that £ after prolonged (30 =2-ClCgH 4 ). The reason of the isolation of only one isomer of 14 is presumably due to the relatively greater instability of the other isomer. The latter assumption is based on the observation that TLC-analysis of the crude mixture showed the presence of two minor products with a small difference in Revalues. However, one of these products disappeared on prolonged (2 h) standing of the crude mixture in a solution of pyridine/water. The latter phenomenon may also explain why the yield of the 3'-5'-cyclic phosphotriester 14 carrying the rather labile 2-chlorophenyl, 26 instead of the more stabile phenyl group , is rather low (see Experimental).
The relatively ease of formation of 14 may be the reason why we did not find any trace of the expected symmetrical dimer 13 (B 
Synthesis of the pentamer UpApCpGpC
Having established the selective introduction of a 3'-5'-phosphod1ester bond by using agent 6, we further explored its applicability in the preparation of an RNA pentamer. The synthesis of the fully protected pentamer is illustrated in Scheme III. We first synthesized the two dimers 11 having the sequence B 1^" ; B after 2 h at 20°C, followed by purification by short-column chromatography, gave the fully protected pentamer 18. Yields and other relevant data on the synthesis of the fully protected RNA fragments are recorded in Table 1 . Close inspection of these data show that the yields do not decrease dramatically by condensing a dimer with a trimer.
The fully-protected pentamer 18 was partially deblocked [i.e. removal of all base labile groups: 2-chlorophenyl (R ), Lev (R ), anisoyl (An), benzoyl (Bz) and diphenylacetyl (DPA)] by treating it first with syn-pyrid1ne -2-carboxaldoxime under dry conditions followed by aqueous ammonia at 50°C. The pentamer still carrying the acid labile protective groups was purified over a column of Sephadex G25. The pure product thus obtained was acidified to pH 2 by the addition of hydrochloric acid and neutralized, after 14 h at 20°C, by aqueous ammonia, and lyophilized to afford homogeneous (see Fig. 2 ) pentamer UpApCpGpC. The pentamer was completely digested, as followed from reversed phase HPLC-analysis , by the exonucleolytic enzymes venom phosphodiesterase (see Fig. 3 ) and spleen phosphodiesterase (see Fig. 4 ). From these analytical data it may be concluded that uridine is positioned at the 5'-end and cytidine at the 3'-end of the molecule and, further, that the five ribonucleosides are In an earlier stage, we also prepared the tetramer ApApCpC by the same approach as illustrated in Scheme III and established its identity by high-resolution (500 MHz) NMR-spectroscopy . In conclusion, the data presented in this paper show that the easily accessi- ble bifunctional agent 6 has the following advantages over the excisting methods developed for the synthesis of short RNA fragments. The introduction of 3'-5'-internucleotidic bonds can be performed starting from properly protected ribonucleosides. The phosphorylation is selective in case the incoming ribonucleoside has free 3'-and 5'-0H groups and, further, that no side-reactions take place on the bases guanine and uracil. However, despite the favourable properties of agent 6, it has to be noted that the present methodology
has not yet been proven to be reliable for the preparation of relatively long RNA fragments. At present we are examining this aspect in detail and the results of this study will be published shortly.
EXPERIMENTAL PART
Pyridine and tetrahydrofuran were dried by refluxing with CaH 2 for 6 h and then distilled. Acetonitrile and dioxane were stored over molecular sieves P-NMR spectra of the protected nucleotides were measured at 40.48 MHz with a Jeol JNMPFT 100 spectrometer equipped with an EC-100 computer operating in the Fourier transform mode. Shifts are given in ppra {s) relative to 85S H,P0 4 as external standard. Proton noise decoupling was used.
High-performance liquid chromatography (HPLC) was carried out on a Micromeritics 7000 B liquid chromatograph equipped with a multiwave Micromeritics 786 UV adsorption detector (254 run). The photometer output was displayed on a Kipp & Sons flat back recorder.
High-performance anion-exchange chromatography was performed using the weak anion-exchange resin Permaphase AAX (Dupont, USA) dry packed into a stainless steel column (1 m x 2.1 mm). Gradient elution was effected starting with buffer A (0.005 M KH 2 PO 4 , pH=4.5) and applying 3% buffer B (0.1 M KH 2 P0 4 , 1 M KC1, pH=4.5) per minute. A flow rate of 1 ml/min at a pressure of 80 kp/cm at 50°C was standard. Reversed-phase high-performance liquid chromatography analysis of the fully deblocked dimers was performed on a column (25 x 0.46 cm) packed with Nucleosil 5C18 at a flow rate of 1 ml/min at 20°C. Isocratic elution was effected with 0.1 M triethyl ammonium acetate buffer (pH=6.0) containing 6% acetonitrile.
The analysis of the enzymatic digestions was performed on the same column. In order to prevent the enzymatic hydrolysis by ribonuclease of the fully deprotected ribooligonucleotides during isolation and purification sterile water and glassware were used throughout the whole procedure of deblocking, purification and isolation. 21 Synthesis of 2-chlorophenyl-0,0-b1s[l-benzotriazo1y1]phosphate (6) A solution of 2-chlorophenyl phosphorodichloridate (1.80 g; 7.3 mmol) in anhydrous tetrahydrofuran (7 ml) was added dropwise to a stirred solution of dry 1-hydroxybenzotriazole (2.025 g; 14.8 mmol) and anhydrous pyridine (1.2 ml; 15 mmol) in anhydrous tetrahydrofuran (30 ml) at room temperature. The reaction mixture was then stirred for one hour at room temperature and the precipitate filtered off under anhydrous conditions, to give a stock solution (0.2 M) of 6 in THF.
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1 Analysis of the products obtained in the synthesis of dimer 11 (B =B =U; R = A solution of phosphorylating agent £ in THF (5.5 ml; 1.1 mmol) was added to compound £ (B =U; 1 mmol), which had been dried by repeated coevaporation with pyridine (2x5 ml). The reaction mixture was stirred for 30 min at 20°C.
TLC-analysis of the reaction mixture showed that compound 7 had completely 32 2 b een converted into baseline-material. Compound 10 (B =11; 0.9 mmol), which had been dried by repeated coevaporation with pyridine (2x5 ml), was transferred to the reaction mixture under the exclusion of moisture. Dry N-methylimidazole (0.35 ml; 4.5 mnol) was added and the mixture was stirred for another 30 min at 20°C. A few drops of 1 H TEAB-buffer were added to the reaction mixture in order to quench the last traces of activated phosphate-esters. The reaction mixture was taken up in chloroform (75 ml) and washed with TEAB-buffer (1 M; 30 ml) and TEAB-buffer (0.1 M; 30 ml). The organic layer was dried (MgSO^), concentrated to a small volume and triturated with petroleum-ether (40-60°; 100 ml). The residue was dissolved in chloroform (10 ml) and concentrated to a glass. The crude reaction product was separated from baseline-material by filtration over a small bed of Kieselgel H (5 g). Crude dimer (0.10 g; 0.1 ramol) thus obtained was evaporated to dryness and dissolved in pyridine (2 ml) to which was added acetic anhydride (0.1 ml) and N-raethylimidazole (0.1 ml). The reaction mixture was stirred for 2 h at 20°C. TLC-analysis (system A) indicated that the acetylation was complete. A few drops of water were added and the reaction mixture was evaporated to an oil, which was dissolved in chloroform (20 ml) and washed with aqueous NaHCO, (10 ml; 10S) and water (10 ml). The dried (MgSO^) organic layer was concentrated to a small volume and triturated with petroleum-ether (40-60°C; 20 ml). The yield of crude dimer was quantitative. R f 0.30 (system A); 0.49 (system B). The acetylated dimer was added to a solution of syn-pyridine-2-carboxaldox1-me (280 mg; 2.3 mmol) and N l ,N l ,N 3 ,N 3 -tetramethylguanid1ne (230 mg; 2.0 mmol) in dry acetonitrile/dioxan (7.7 ml; 1/1, v/v). The reaction mixture was stirred for 20 h at 20°C. Dowex 50W cation-exchange resin (100-200 mesh, ammoniumform) was added. The resin was filtered off and washed with water and tetrahydrofuran. The filtrate was concentrated and aqueous ammonia (25?) was added, and the reaction vessel was left for 24 h at 20°C. The solution was then concentrated to a small volume. The crude product was applied to a column of DEAE-Sephadex A25 (25 m x 6 cm 2 ; HC0 3 "-form) suspended 1n TEAB-buffer (0.01 M). The column was eluted with a linear gradient of TEAB-buffer (0.01 -0.4 M) for 16 h at a flow rate of 35 ml/h, and the fractions of 16 ml were col-lected. The purification resulted in a complete separation of the deblocked dimer (R f 0; TLC-analysis system A) from 2-pyridine-aldox1me and 2-cyano-pyridine (R f 0.5; TLC-analysis system A).
All fractions containing nucleotidic material were collected, concentrated to a small volume, coevaporated with water (2 x 50 ml) and dissolved in HCL (0.01 N). The pH was adjusted to 2.0 with HC1 (0.1 N). After 2.5 h at 20°C, the solution was neutralized with dilute ammonia, concentrated to a volume and lyophilized. HPLC-analysis (reversed phase) of the fully deblocked dimer showed the presence of only one product. R t =4.8 min.
In a similar experiment the crude products obtained by the same procedure as described above in the reaction of _7 with 6 and 10 were, after work-up, purified over a column of Kieselgel H (15 g) suspended in chloroform. Elution of the column was effected with chloroform/methanol (96/4, v/v). In this way we Isolated a homogeneous product (10 mg) with a R f -value higher than the diraer. *H and The three dimers were prepared in the same way as described before for the synthesis of dimer 11 (B^B^U; R*=Lev; R 4 mmol), which had been dried by repeated coevaporation with pyridine (2x5 ml), was transferred to the reaction mixture under the exclusion of moisture. Dry N-methyl1m1dazole (0.20 ml; 2.1 mmol) was added and the reaction mixture was stirred overnight at 20°C. TLC-analysis (system A) of the reaction mixture showed the reaction to be almost complete. A few drops of TEAB-buffer (1 M) were added.
The further work-up procedure was the same as described for partially protected dimer 11. Short column chroraatography afforded the pure fully protected diraer 5'-0-dimethoxytrityl-2'-0-tetrahydropyranyluridilyl-(3'-3')-5'-0-1evu-linoyl-2'-0-tetrahydropyranyluridine 2-chlorophenylphosphate. Yield 0.39 g (66%); R f 0.28 (system A); 0.49 (system B). 34 The dimethoxytrityl-group was removed by treating the fully protected (3'-3' )-dimer with 2% para-toluenesulfonic acid in chloroform/methanol (10 ml; 7/3, v/v) for 15 min at 0 C. The reaction mixture was transferred to a separating funnel which contained aqueous NaHC0 3 (100 ml; 102). The organic layer was dried and concentrated to a glass.
Short column chromatography afforded pure 2'-0-methoxytetrahydropyranylurid1-lyl-(3'-3')-5'-0-levulinoyl-2'-0-methoxytetrahydropyranylur1d1ne 2-chlorophenylphosphate. Yield 0.28 g (94%); R f 0.22 (system A); 0.42 (system B). One part (0.1 mmol; 0.10 g) of the symmetrical fully protected dinucleoside monophosphate was dissolved in pyridine (1 ml) and a solution of hydrazinehydrate (0.05 ml) in pyridine/acetic acid (1 ml; 3/2, v/v) was added. After 4 min, the reaction flask was immersed into an ice-water bath and pentane-2,4-dione (0.2 ml; 1 mmol) was added to thre reaction mixture. After 2 min, the solution was taken up in chloroform (10 ml) and water (10 ml). The organic layer was separated and washed with aqueous NaHCO, (1 M; 10 ml) and water =H; 0.5 mraol; 0.70 g), which had been stirred for 30 min at 20°C. TLC-analysis of the reaction mixture showed that dimer U had been completely converted into baseline-material.
Compound 16 (0.45 mmol; 0.19 g), which had been dried by repeated coevaporation with pyridine (2 x 5 ml), was transferred to the reaction mixture under strictly anhydrous conditions. N-Methylimidazole (0.2 ml; 2.5 mmol) was added, and the mixture was stirred for 1.5 h at 20°C. TLC-analysis (system A) of the reaction mixture showed the reaction to be complete. A few drops of TEAB-buffer (1 M) were added to the reaction mixture. The reaction mixture was taken up in chloroform (75 ml), and washed with TEAB-buffer (1 M; 30 ml) and TEAB-buffer (0.1 M; 30 ml). The organic layer was dried (MgSO,), concentrated to a small volume and triturated with petroleum-ether (40-60°; 100 ml). The crude reaction product was dissolved in pyridine (5 ml) and a solution of hydrazine-hydrate (0.25 ml) in pyridine/acetic acid (5 ml; 3/2, v/v) was added. After 4 min, the reaction flask was immersed into an ice-water bath and pentane-2,4-dione (2 ml; 10 mmol) was added to the reaction mixture. After 2 min, the solution was taken up in chloroform (40 ml) and water (50 ml). The organic layer was separated and washed with aqueous NaHCO, (1 M; 40 ml) and water (25 ml), dried (MgSO^), concentrated to a small volume, triturated with petroleum-ether (40-60°; 100 ml) and applied to a column of Kieselgel H (10 g). Elution of the column was effected with chloroform/methanol (99/1 ->• 96/4, v/v). The appropriate fractions were collected and concentrated to give a glass. Analytical and other relevant data are summarized in Table 1 . Synthesis of the fully protected pentamer 18 A solution of phosphorylating agent 6 in THF (2.5 ml; 0.5 mmol) was added to 11 (B ! =U; B^A 82 ; R 5 =H; 0.45 mmol; 0.50 g), which had been dried by repeated coevaporation with pyridine (2x5 ml). The reaction mixture was stirred for 30 min at 20°C. TLC-analysis (system A) of the reaction mixture showed that 11 had been completely converted into baseline-material. Compound 17 (R =H; 0.4 mmol; 0.75 g), which had been dried by repeated coevaporation with pyridine (2 x 5 ml) was transferred to the reaction mixture under the exclusion of moisture. Dry N-methylimidazole (0.2 ml; 0.25 mmol) was added, and the mixture was stirred for another 2 h at 20°C. TLC-analysis (system A) of the reaction mixture showed the reaction to be complete. A few drops of TEABbuffer (1 M) were added. The reaction mixture was taken up in chloroform (75 ml) and washed with TEAB-buffer (1 M; 30 ml) and TEAB-buffer (0.1 M; 30 ml). The organic layer was dried (MgSO^), concentrated to a small volume and triturated with petroleum-ether (40-60°; 100 ml). The crude reaction product was applied to a column of Kieselgel H (10 g) suspended in chloroform. Elution of the column was effected with chloroform/methanol (99/1 •* 96/4, v/v).
The appropriate fractions were collected and concentrated to give a glass.
Analytical data and other relevant data are summarized in Table 1 Fractions of 3 ml were collected. The fractions containing pure product were collected, concentrated to a small volume, and lyophilized to give the partially deblocked pentamer. The thus obtained pentamer was dissolved 1n HC1 (0.01 N; 50 ml) and the pH was adjusted to 2.00 by the addition of HC1 (0.1 N). After 2.5 h at 20°C the solution was carefully neutralized pH=8.0 with aqueous ammonia and concentrated to a small volume, and lyophilized.
